Oridonin is extracted and purified from traditional Chinese herbs, Rabdosia rubescens. It is a complicated compound containing diterpenoids and other ingredients. It is also one of the most important traditional Chinese herbs commonly used in clinical treatment nowadays. 1) Oridonin has been studied exclusively in China and has been shown to possess anti-tumor activity against murine sarcoma and leukemia cells. 2, 3) Programmed cell death comprises several subtypes, as revealed by morphology. Autophagic cell death or type II programmed cell death is an evolutionary conserved membrane trafficking pathway which mediates the transport of cytosolic materials and superfluous organelles and long-lived proteins to the lysosome and occurs in all eukaryotic cells. 4, 5) During autophagy, a cup-shaped structure, the pre-autophagosome, engulfs cytosolic components, including organelles, and closes, forming an autophagosome, which subsequently fuses with a lysosome, leading to the proteolytic degradation of internal components of the autophagosome by lysosomal lytic enzymes.
2,3)
Programmed cell death comprises several subtypes, as revealed by morphology. Autophagic cell death or type II programmed cell death is an evolutionary conserved membrane trafficking pathway which mediates the transport of cytosolic materials and superfluous organelles and long-lived proteins to the lysosome and occurs in all eukaryotic cells. 4, 5) During autophagy, a cup-shaped structure, the pre-autophagosome, engulfs cytosolic components, including organelles, and closes, forming an autophagosome, which subsequently fuses with a lysosome, leading to the proteolytic degradation of internal components of the autophagosome by lysosomal lytic enzymes.
6) The formation of the autophagosome is also dependent upon the enzyme phosphatidylinositol 3-phosphate kinase (class III PI3K) in mammalian cells 7) and its ortholog Vps34 in yeast. 8) The first evidence for the implication of this enzyme stemmed from the discovery that 3-methyladenine is able to block the formation of autophagosomes. 9) In vitro studies showed that 3-MA inhibits PI3K activity. 7, 10) The inhibitory effect of 3-MA on intracellular trafficking of proteins from late endosomes to lysosomes 11) is compatible with the requirement of PI3K at this step. 12) Apoptotic cell death or type I programmed cell death was originally conceived on morphologic grounds, namely describing the condensation of chromatin at the nuclear membrane, prominent condensation of cytoplasm and the fragmentation of cell and nucleus, while organelles were well preserved and autophagocytosis was essentially absent. 13) It has been reported that oridonin was found to induce growth inhibition and apoptosis of human breast cancer cell line 14) and this cell line could be induced autophagy by tamoxifen. 15) Therefore, in this study, we further investigated the relationship between apoptosis and autophagy specifically induced by oridonin in MCF-7 cells.
MATERIALS AND METHODS

Materials
Oridonin was obtained from the Kunming Institute of Botany, The Chinese Academy of Sciences (Kunming, China). Fetal bovine serum (FBS) was purchased from TBD Biotechnology Development (Tianjin, China); Monodansylcadervarine (MDC), 3-methyladenine (3-MA), propidium iodode (PI), P38 inhibitor SB203580, JNK inhibitor SP600125, ERK1/2 inhibitor PD98059, Hoechst 33258 and RNase A were purchased from Sigma Chemical (St. Louis, MO, U.S.A); Thiazolyl blue (MTT) was from Sino-American Biotechnology (Beijing, China); rabbit polyclonal antibodies against JNK, phosphorylated JNK, P38, phosphorylated P38, Bax and Bcl-2; mouse polyclonal antibodies against ERK and phosphorylated ERK, horseradish peroxidase-conjugated secondary antibody (goat-anti-rabbit or goat-anti-mouse) were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, U.S.A).
Cell Culture Observation of Morphologic Changes MCF-7 cells in RPMI 1640 containing 10% FBS were seeded into 6-well culture plates and cultured for 24 h. 3-MA at 2 mmol/l was added 1 h before 80 mmol/l oridonin treatment. The cellular morphologic changes were observed using phase contrast microscopy (Leica, Nussloch, Germany) at 24 h. For autophagic fluorescence observation, the collective MCF-7 cells were cultured with 0.05 mmol/l MDC at 37°C for 60 min. 17) For apoptosis observation, the collective cells fell into Hoechst 33258 staining as described previously. 18) In brief, after treatment with oridonin and 3-MA, MCF-7 cells was harvested and suspended with Hoechst 33258 (1 mg/ml) at 37°C for 10 min. The cellular fluorescent changes were observed at 24 h using OLYMPUS IX70 reverse fluorescent microscopy (Olympus, Tokyo, Japan) equipped with Motic Image Advanced 3.0 software as collective system. DNA Extraction and Detection of DNA Fragmentation MCF-7 cells (2ϫ10 6 cells) were harvested with pancreatin and centrifuged at 1000ϫg for 10 min. Cell pellets were suspended in Tris-HCl 10 mmol (pH 7.4), edetic acid 10 mmol, 0.5% Triton X-100 and proteinase K 40 mg/l (Merck, U.S.A.) at 37°C for 2 h. The lysate was extracted with 0.5% NaCl 5 M and 50% 2-propanol and incubated overnight at Ϫ20°C, and then centrifuged at 7000ϫg for 20 min. The supernatant was washed with 70% ethanol and centrifuged and the pellets were dried and suspended in Tris-HCl 10 mmol/l (pH 7.4) and edetic acid 1 mmol/l. DNA was incubated with RNase A 20 mg/ml (Sigma, U.S.A.) at 37°C for 60 min, separated by 2% agarose gel electroporesis at 100 V for 40 min, and stained with ethidium bromide (EB) 0.1 mg/l. 19) Flowcytometric Analysis of Autophagy and Cell Cycle Distribution MCF-7 cells (1ϫ10 6 ) were treated with 2 mmol/l 3-MA 1 h before 80 mmol/l oridonin treatment. On fixed times, the cells were harvested by trypsin and rinsed with PBS two times by centrifugation at 1000ϫg. For measuring autophagy, the cell pellet was suspended with 0.05 mmol/l MDC solution at 37°C for 60 min as described previously. 17) On the other hand, for measuring cell cycle distribution, the collected cells were stained with PI solution (5 mg/l) containing RNase 100 mg/ml at 4°C for 30 min. These two samples were both analyzed by flowcytometry (Becton Dickinson FACScan, CA, U.S.A.) using the Cell Quest software (BD Biosciences, San Jose, CA, U.S.A.) to determine the percentage of cells undergoing autophagy and of cells distributed at different phases of the cell cycle.
Western Blot Analysis MCF-7 cells were pre-incubated with or without 2 mmol/l 3-MA for 1 h, then treated with 80 mmol/l oridonin for 24 h. Both adherent and floating cells were collected and Western blot was performed as previously described. 20) MCF-7 cells were washed with ice-cold PBS and solubilized with lysis buffer (1% SDS, 1 mmol/l phenylmethyl-sulfonylfluoride (PMSF), 1 mmol/l EDTA, 2 mmol/l leupeptin and 1 mmol/l aprotinin). Protein concentration was determined by the Bio-Rad DC protein assay (Bio-Rad Laboratories, Hercules, CA, U.S.A.). The protein lysates were separated by 12% SDS-PAGE and transferred to a nitrocellulose membrane. The membranes were soaked in blocking buffer (5% skimmed milk), and then incubated with primary antibodies, followed by horseradish peroxidase conjugated secondary antibodies overnight. The color was developed with diamino-benzidine (DAB).
Statistical Analysis Except flowcytometric analysis, all other data and results presented were confirmed in at least three independent experiments. The data are expressed as meansϮS.D. Statistical comparisons were made by Student's t-test. Indication: autophagic and apoptosis ratios were both tested with flowcytometric analysis which could guarantee the results' precision, so there were no error bars in Fig. 3B , 
RESULTS
Cytotoxicity of Oridonin on MCF-7 Cells
Oridonin induced MCF-7 cell death in a time-and concentration-dependent manner. Oridonin from 20 to 160 mmol/l had exerted potent inhibitory effects on MCF-7 cell growth. By 24 h after oridonin 80 mmol/l treatment, the cell death rate reached almost 50%. The IC 50 value obtained by treatment of MCF-7 cells with oridonin for 24 h was 84.2 mmol/l. Therefore, 24 h incubation with oridonin seemed to be sufficient for the half induction of cell death. When the cells were treated with oridonin 160 mmol/l for 12 h, about 50% cell died; at 48 h, the inhibitory ratio almost reached 100% (Fig. 1) .
Oridonin Induces Morphologic Changes in MCF-7 Cells When tumor cells were treated with 80 mmol/l oridonin for 24 h with or without 3-MA pre-culture, remarkable morphologic changes were observed compared with the control group and 3-MA group under phase contrast reverse microscopy. By 24 h, the majority of oridonin treated MCF-7 cells had become round with shrunken nuclei. Some of these cells showed membrane blebbing and nuclei were fragmented into apoptotic bodies. The cells in control group and 3-MA treated group did not show these typical apoptotic features ( Fig. 2A) . Observed from the fluorescent microscopy, oridonin induced significant nuclear cleavage and fluorescence in MCF-7 cells, cell nuclei exhibited apoptotic bodies and nuclear membrane disappeared completely; when 3-MA was introduced, this DNA change was partially recovered, nuclear membrane existed but nuclei displayed slight damage, as well as the fluorescence decreased; whereas control and 3-MA alone treated groups showed low fluorescent levels and no apoptotic nucleus (Fig. 2B) .
Oridonin and 3-MA Exerted Effects on Cell Cycle Distribution, Apoptosis and Autophagy of MCF-7 Cells
MCF-7 cells underwent cell cycle alternation induced by oridonin. After 80 mmol/l oridonin treatment for 12 h, an obvious sub-G 0 /G 1 peak appeared, whereas it was decreased by preculture with 3-MA, indicating that inhibition of autophagy downregulated apoptosis in MCF-7 cells; and the control and 3-MA alone treated groups were unaffected on cell cycle (Fig. 3A) . The apoptotic ratio column was corresponding to the flowcytometric analysis above (Fig. 3B) , with 3-MA pre-incubation, the apoptotic DNA proportion dropped from 16.16 to 5.16%. The relationship of apoptosis and autophagy was further confirmed by DNA electrophoresis and Western blotting analysis. As shown in Figs. 3C and D, when 3-MA was introduced, oridonin-induced DNA ladder was attenuated; meanwhile, Bax expression was declined and Bcl-2 expression was augmented compared with oridonin alone treatment, respectively.
Oridonin Induces Autophagy in MCF-7 Cells Oridonin could induce obvious autophagy in MCF-7 cells compared with control. When the specific autophagic inhibitor 3-MA was applied, the autophagic ratio declined, compared with ordionin alone treatment (Fig. 4B) . 3-MA alone treatment led the autophagic ratio to the lowest level of all the four groups, indicating that under normal conditions, MCF-7 cell had relatively low level of autophagy. When the cells were stimulated by oridonin, autophagy reached a higher degree; however, when autophagic pathway was blocked by 3-MA, autophagic effect was overwhelmed. Furthermore, the inhibitor 3-MA could even suppress the "housekeeping-autophagy" in control cells. Fluorescent observation obtained the consistent results (Fig. 4A) .
MAPKs Modulation was Involved in Oridonin Induced Apoptosis and Autophagy
To investigate the role of MAPKs in apoptosis and autophagy, expressions of ERK, JNK and P38 kinases were detected 24 h after oridonin employment. Moreover, cells were preincubated with or without 1 mmol/l PD98059, 1 mmol/l SP600125 or 1 mmol/l SB600125 for 1 h, followed by 80 mmol/l oridonin treatment for 24 h for cytoflowmetric analysis. As shown in Fig. 5A , after oridonin treatment, phosphorylated ERK expression declined while both phosphorylated JNK and phosphorylated P38 protein expressions were augmented. Further addition of 3-MA enhanced p-ERK expression, whereas p-JNK and p-P38 kinases expressions decreased compared with oridonin alone treatment. Expressions of non-phosphorylated ERK, JNK or P38 kinase did not change with oridonin or 3-MA treatment. Both SP600125 and SB203580 downregulated, while PD98059 enhanced oridonin-induced autophagy in MCF-7 cells, suggesting that JNK and P38 contributed, but ERK1/2 antagonized autophagy here (Fig. 5B) . Furthermore, we performed time course examination of these three MAPKs activation to determine whether their oridonin-induced activation was transient or not, as the results shown, all the three MAPKs were continuously activated by oridonin challenge (Fig. 5C ).
DISCUSSION
Several studies point out that apoptosis and autophagy may be interconnected in some settings, and apoptosis-autophagy interaction may manifest itself in various ways. 5, 21, 22) Autophagy has been postulated to be a primary cell response to apoptotic inducers and when the autophagic capacities are overloaded, mitochondrial pro-apoptotic factors would acti- vate the death program.
23)
Depending on the cellular context and stimulus, autophagy may be indispensable for apoptosis by preceding and further turning on apoptosis. Jia and his colleagues 24) showed that autophagy induction was essential to the TNF-a-induced Tlymphoblastic leukemia cell line undergoing apoptosis, indicating that execution of apoptosis is preceded by and even depends on the occurrence of autophagy. In these settings, autophagy inhibitors, like 3-MA, delay apoptosis while conversely, broad-range caspase inhibitors fail to inhibit autophagy. Here, our results from flowcytometric analysis, morphologic observation and western blot showed that employing 3-MA, the specific inhibitor of autophagy pathway, decreased the apoptotic level, indicating that autophagy facilitated and was an enhancer of apoptosis, which was consistent with the previous reports. 25) In other cellular settings, autophagy may rather antagonize or delay apoptosis, and inhibition of autophagy may increase the sensitivity of the cells to apoptotic signals. A well-described example is the case of sulindac sulfide drug-induced apoptosis in HT-29 colon carcinoma cells. In this system, apoptotic cell death was accelerated in an HT-29 mutant clone, which displayed decreased autophagic capacity. Consistent with this line, treatment of the parental HT-29 cells with autophagy inhibitors increased their sensitivities to apoptosis. 28) Plenty of overlaps of signaling worknets are found between autophagy and apoptosis, including various kinases such as MAPKs. [26] [27] [28] MAPK families play an vital role in complex cellular programs like proliferation, differentiation, development, transformation, and apoptosis. At least three MAPK families have been characterized: extracellular signal-regulated kinase (ERK), Jun kinase (JNK/SAPK) and p38 MAPK. 29) The activation of MAPKs was provoked in a multi-step process. MEKs phosphorylate ERK1 and ERK2 respectively, thereby increasing their enzymatic activities. Then the activated ERKs translocate to the nucleus and transactivate transcription factors, changing gene expression to promote growth, differentiation or mitosis. 30 ) JNK signal transduction pathway is implicated in multiple physiological processes and JNK activation was an important event in apoptosis. 31) P38 MAPK appears to play a major role in apoptosis, and can be activated by cellular stress including UV irradiation, heat shock, high osmotic stress, lipopolysaccharide, protein synthesis inhibitors, and pro-inflammatory cytokines. Activated P38 kinase can cause mitotic arrest in somatic cell cycles at the spindle assembly check point. 32, 33) Moreover, Bursch and his colleagues demonstrated that downregulation of autophagy by 3-MA abrogated apoptosis in the anti-estrogen tamoxifen-treated MCF-7 cells, which was consistent with our results. 34) We also used oridonin to induce autophagy and apoptosis in other cell lines such as human epidermal carcinoma A431 cell, and obtained opposite results to oridonin-challenged MCF-7 cells (data not shown), e.g. oridonin-induced autophagy antagonized apoptosis in A431 cells. And these facts allowed us to suppose that the phenomenon that autophagy preceded apoptosis probably depended on the character of MCF-7 cells. Further studies on the relationship between autophagy and MCF-7 cell features remained to be conducted.
From all the evidences, we drew a conclusion that there are crosstalks between autophagy and apoptosis in oridonintreated MCF-7 cells. According to our findings, MAPKs activities were profoundly affected by oridonin, ERK activity was inhibited while JNK and P38 kinase activities were provoked, which was consistent with previous data of our studies. [35] [36] [37] [38] However, when autophagy was blocked by 3-MA, both inhibition of ERK and activation of JNK and P38 kinase were reversed, suggesting that oridonin-induced autophagy exerted its synergic effect on apoptosis through MAPKs pathway.
Consequently, autophagy could promote MCF-7 cells to death through facilitating apoptosis induced by oridonin. Autophagy was a death mechanism for MCF-7 cells stimulated by oridonin.
